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Calculation of titratable acidity from urinary stone risk factors
DIRK J. KOK,' JOHN POINDEXTER, and CHARLES Y.C. PAK
Center for Mineral Metabolism and Clinical Research, The University of Texas Southwestern Medical Center at Dallas, Dallas, Texas, USA
Calculation of titratable acidity from urinary stone risk factors. Using
urine samples and standard solutions, this study demonstrates that the
existing procedure for measuring titratable acidity in the urine is not
reliable and may result in overestimates of up to 25%. The accuracy is
affected by loss of C02, the presence of uric acid crystals, and the
precipitation of calciumphosphate phases during the titration. A method
is presented for calculating titratable acidity, using a number of rou-
tinely-measured urine components and a computer program for calcu-
lating complex equilibria in the urine. The calculated titratable acidity is
shown to be more reliable then the measured one. The results are
compiled in a nomogram from which the titratable acidity can be
directly read. When the parameters of urine pH, P04 content and pCO2
are used, the accuracy of the nomogram is > 96% for urine samples
with a pH value above 6.0 and >89% for urine samples with a pH value
below 6.0. For all samples, the accuracy is improved to> 97% when the
nomogram using uric acid and citrate content is used in additionally.
The measurement of renal net acid excretion (NAE) is useful
for following changes in acid-base status. The NAE represents
the loss of acid, buffers and ammonium, minus the loss of alkali
as bicarbonate. The contribution of acid (such as organic acids)
and buffers (such as phosphate) is experimentally determined
by titratable acidity. Usually the contributions of ammonium
and titratable acidity are equal. With increasing pH, the contri-
bution of bicarbonate to the NAE increases significantly. Under
some conditions, such as following ammonium chloride chal-
lenge, ammonium predominates. Thus, an exact determination
of titratable acidity is critical for the measurement of NAE.
The determination of titratable acidity is usually straightfor-
ward and easy to execute. It is based on the amount of alkali
required to raise urinary pH from the original value to the
physiological value of pH 7.4 in an urine sample collected under
oil to preserve carbon dioxide content. However, the reliability
of measured titratable acidity is influenced by three factors.
First, the formation of soluble CaHPO4 or precipitation of a
calcium phosphate phase can release protons, thus exaggerating
the measured titratable acidity. This problem becomes particu-
larly relevant as the pH is raised to pH 7.4, due to the
dissociation of dihydrogenated phosphate to monohydroge-
nated phosphate resulting in increased supersaturation with
respect to several calcium phosphate salts. Second, uric acid
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precipitation may occur in the original urine sample, especially
if its pH is unusually low. During titration to pH 7.4, the
precipitated uric acid may undergo dissolution, releasing pro-
tons. Third, some carbon dioxide may escape during storage
even when the urine sample is kept under oil, reducing bicar-
bonate content, one of the urinary buffers and raising urinary
pH. These problems prompted us to find a more reliable way of
assessing titratable acidity in urine.
An approach to this problem becomes readily apparent from
analyzing what happens when the urine pH is brought to 7.4 by
adding hydroxide. A small portion of the hydroxide added
remains present as a free ion, reflected as an increased pH. The
major part will be bound to free protons already present and to
protons released by buffers. A minor part in addition will be
bound by compounds like calcium and magnesium. The free
protons present (pH), the concentrations of the major buffers
and of the hydroxide binding compounds are all customarily
measured in the assessment of propensity for renal stone
formation. Moreover, a computer program is available which
estimates the amounts of various ions and complexes at a
specific pH in the calculation of urinary supersaturation with
stone-forming salts. Combining both readily available measures
we have here calculated titratable acidity as the change in the
computer-derived free and bound protons, and hydroxides at
the original pH and at pH 7.4. The calculated titratable acidity
is compared to directly measured titratable acidity for standard
solutions and urines, and the factors influencing each measure
are examined.
Methods
Materials
Titratable acidity (TA) was measured and calculated for
standard solutions and 24-hour urine collections. Standard
solutions contained calcium, phosphate, or calcium plus phos-
phate, titrated to pH 6 and made up to varying ionic strengths.
The titrant was 0.1 M NaOH in 0.15 M NaCl. After equilibration
with the air, the normality of the titrant decreased to 0.946
mEq, due to the dissolution of CO2. Twenty urine samples were
obtained from 19 normal adult subjects. They were collected
refrigerated under mineral oil without any preservative. The
original pH ranged from 5.47 to 6.63.
Determination of measured titratable acidity
Urine titratable acidity (TArn) was measured by titrating the
undiluted urines under mineral oil to pH 7.40 [1]. The measure-
ments were repeated after four hours (N = 6), 24 hours (N = 20)
and 48 hours (N = 11). One urine was tested in dilutions ranging
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Table 1. Components of titratable acidity
TH
Phosphate Citrate Urate Carbonate Oxalate Sulfate Others TOH
P043
P042
H,P04
H3P04
KHPO4
NaHPO4
CaHPO4
MgHPO4
NH4HPO4
CaH,PO4
MgH2PO4
C1T3
HCIT2
H2CIT
H3CIT
CaHCIT
MgHCIT
CaH,CIT
MgH2CIT
HU
H2U
HCO3
H2C03
OX2
HOX
SO
HSO4
NH4H 0HMgOH
CaOH
from 6.7 to 100%. A 13.3% dilution was tested further with
calcium added. Three urines were titrated in steps of 0.10 pH
unit to pH 7.40.
Measurements of titratable acidity were performed using a
PHM82 standard pH meter, with two decimal accuracy in
combination with the TTT8O titrator and ABU8O autoburette
(all from Radiometer Copenhagen). Titrant was added in steps
of 1 1.d. All measurements were performed at least in duplicate.
The variation in TA-value between duplicate experiments never
exceeded 0.02 mEq.
Determination of calculated titratable acidity
All samples were analyzed for calcium, phosphorous, oxalate
(ox), sodium, potassium, ammonium, citrate (cit), sulfate, uric
acid (HU), creatinine and pH. They are part of the stone risk
program [21. In addition, bicarbonate was measured.
Titratable acidity was calculated (TAo) using data obtained
with the EQUIL program [3], which calculates complex equi-
libria. In the first step the desired urinary components are
entered in the equil program using the original urine pH. The
calculations are then repeated using the same data but with the
pH set at 7.40. From the Equil data, the following proton- and
hydroxyl- containing species were then used for the TA calcu-
lations (Table 1).
The sum of free protons and protons bound to acidic groups
(TH) and the sum of free and bound hydroxide (TOH) were
calculated at the starting pH (TH1 and TOH1) and at pH 7.40
(TH2 and TOH2). The equation (TH1-TOH1)-(TH2-TOH2)
yields the sum of net release of protons and net binding of
hydroxide. This equals the amount of base equivalents needed
to reach pH 7.40, which is the commonly used measure of
titratable acidity in a urine. By selectively leaving compounds
out of the calculations, the relative contribution of each urinary
compound was assessed.
The changes in concentrations due to the dilution with titrant
(0.1 M NaOH in 0.15 M NaCl) were corrected for in the
following manner.
For sodium and chloride:
TX74 = (TXsampie - Ystart + TXtitrant Vtitrant)/(Vstart + Vtitrant)
For the other compounds:
TX74 = (TXsampie Vstart)/(Vstart + Vtitrant) 1).
where T is the total concentration, x is the compound, and V is
volume.
Analytical methods and other calculations
Calcium and magnesium were determined by atomic absorp-
tion spectrophotometry and phosphorous by the method of
Fiske and Subbarow [4]. Sodium and Potassium were deter-
mined by flame photometry. Oxalate was measured by the
method of Hodgkinson and Williams [5] and uric acid by the
enzymatic method of Liddle, Seegmiller and Laster [6]. Citrate
was determined enzymatically with kits obtained from Boeh-
ringer-Mannheim Chemicals (Indianapolis, Indiana, USA). Am-
monium was measured colorimetrically by a method adopted
from that of Chaney and Marbach [71. Urine pH and carbon
dioxide tension were measured under mineral oil at 37°C
(Radiometer BMS-3 pH electrode, Radiometer America Inc.,
Westlake, Ohio and Severinghaus pCO2 electrode Instrumen-
tation Laboratory, Lexington, Massachusetts, USA). Urinary
sulfate was determined by the turbimetric procedure of Ma and
Chan [81. The relative supersaturation ratio with brushite and
uric acid was calculated according to Pak et a! [9, 10].
The presence of uric acid crystals was determined morpho-
logically by looking at crystal habits in spun down urine
samples. The occurrence of precipitation during titration was
visible by eye. For experiments using calcium and phosphate,
precipitate was removed by filtration over 0.45 tm millipore
filter, and when analyzed by infrared spectrophotometry was
found to be hydroxyapatite.
Statistical analysis
Significance of correlations were tested using linear regres-
sion analysis. Significance of differences between groups was
tested using the Wilcoxon signed rank test.
Results
Effects of phosphate concentration and ionic strength on TA
Standard solutions (N = 15, pH 6.00) ranged in phosphate
concentrations from 0 to 40 m, without calcium and ionic
strength from 0.15 to 0.35 M (adjusted with NaC1). There was a
close correlation of TA with TArn (r2 = 0.999, P = 0.0001, Fig.
122 Koket a!: Titratable acidity calculation
w
E
I-
I — I • I • I I
0 10 20 30 40 50
P04, mM
Fig. 1. Titratable acidity was measured (open circles) and calculated
(dots) for phosphate at different concentrations, 2.7 to 40mM and ionic
strengths ranging from 0.15 to 0.35 M.
Comparison of TArn and TA, in whole urine
TA and TArn were determined immediately upon collection
in 20 urine samples from 19 persons and repeat measurements
were made at varying times (N = 37) for assessing the time
stability of the measurement. For the whole group (N = 57) the
mean value of TAm, 23.98 9.92 mEq/24 hr was found to be
9.3% higher than the mean value of TAG, 21.75 7.95 mEq/24
hr (P < 0.01, Fig. 2).
In 12 urine samples which showed no precipitation before or
during titration (open circles, Fig. 2), TAm closely approxi-
mated TA (21.63 8.09 vs. 21.18 7.16, r2 = 0.978, P =
0.0001, N = 37, including time-lapse repeats).
Effects of calcium phosphate precipitation on TArn
In eight urines, comprising 20 experiments including time
lapse repeats, precipitation of a calcium phosphate phase oc-
curred during titration to pH 7.40 (closed circles, Fig. 2). The
TAm was significantly higher than TA (31.69 12.21 vs. 25.06
9.46, P < 0.01, N = 20). Table 2 compares data from samples
showing calcium phosphate precipitation and from those sam-
ples which did not. Here RSRBr denotes the relative supersat-
uration ratio of the urine with brushite at pH 7.40, the end point
Effects of intitial uric acid precipitation
In seven of the eight urines (16 measurements) which showed
precipitation at pH 7.40, uric acid crystals were also present at
the outset. During titration to pH 7.40 the precipitated uric acid
dissolved, yielding protons and giving rise to an additional error
in the TArn. The maximal overestimate of TArn over TA was
8.8% (range 4.2 to 10.3%), assuming that all excess uric acid
was present as crystals at the outset and completely dissolved
during the titration.
Effect of carbon dioxide evaporation on TArn
Although the urine samples were kept under mineral oil in
closed bottles, some carbon dioxide evaporated, often raising
pH (Table 3). The increase in pH depends also on the buffering
capacity of the urine. Both the loss of CO2 and the increase in
urine pH reduced TArn from the initial measurement.
Effect of dilution and pH dependence of error in TArn
In one urine sample which showed precipitation during
titration in the undiluted state, TArn was 12% higher than TAO.
When diluted with 0.15 M NaCI solution to below 50%, precip-
itation no longer occurred and TArn equaled TAO. At 50%
dilution and higher (RSRBr >5), precipitation was visible and
the TArn was higher than TAO.
30
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Table 2. Effects of calcium phosphate precipitation
Precipitation
Mean (SEM)
(N = 37)
Range
No
(N =
Mean (sEas)
precipitation
20)
Range
RSRBr=hitea
TAD, mEq/24 hr
TArn, mEq/24 hr
9.67 (2.1)
22.81 (9.4)"
28.65 (122)b
3.49—30.64
11.86—40.06
14.48—53.13
3.32 (1.14)
21.26 (7.2)
21.83 (8.1)
0.7—4.51
1.75—32.49
0.73—32.69
a Precipitation vs. no precipitation, P < 0.01
b TA,, vs. TAm, P <0.01
Table 3. Effect of CO2 evaporation on repeat TA measurements
60
50
40
4 hour 24 hour 48 hour
N 6 20 11
Decline in pCO2, % 2.9 (0.5—4.2) 6.1 (1—67.1) 22.5 (8.1—67.1)
Rise in pH, % 0.6 (0—1,6) 0.4 (0—3.0) 1.7 (0—9.2)
Decline in TArn, % 6.2 (2.5—11.0) 4.4 (0.21—0.7) 22.7 (2.7—92.9)
a
30
U x=y
20
10
0
of the titration.
Thus, urine samples showing precipitation were more pro-
foundly supersaturated with respect to brushite, than those
which did not. In samples without precipitation, TArn was not
different from TA,,. TArn was significantly higher than TA,, in
urines which did show precipitation. The maximal raising effect
of brushite precipitation on TArn was 18.3% (range 11.8 to
28.6%), assuming that all excess brushite was precipitated at
0 10 20 30 40 50 pH 7.40.
TAc
Fig. 2. Measured versus calculated titratabie acidity for 20 urines,
measured at collection, and after 4, 24 and 48 hours. In some urines
(closed circles) uric acid crystals were present or precipitation of a
calcium-phosphate phase occurred during titration.
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pH
Fig. 3. A urine where TA,,, differed greatly from TA, was titrated in
steps of 0.1 pH unit. At the low pH values TArn (open symbols) and TA
(closed symbols) match exactly. At increasing pH, TAm gets higher
than TAO. This deviation starts at a pH of 6.3 and a RSRBr of 14.
One urine sample was titrated in steps of 0.10 pH unit to pH
7.40. After each step the sample was checked for precipitation
and the mEq of base needed to reach pH 7.40 from that point
was assessed. Throughout the pH range, no precipitation was
visible and TArn equaled TAO.
In two other samples, consecutive 24 hour samples from the
same person which showed a precipitate, the above described
procedure was repeated (Fig. 3). In one sample, precipitation
was first visible at pH 6.60, when the RSR,brushite was 14.
Below this pH, TAm was equal to TAO, above pH 6.60 TAm
exceeded TA with a wider deviation as the pH rose. In the
second sample the same pattern was found. Precipitation and
overestimation of TArn started at a lower PH, 6.30, but at the
same RSR,brushite of 14. Since two consecutive 24-hour urines
of the same person were used here (having comparable vol-
umes), the urine factors affecting calcium-phosphate nucleation
can be assumed to be comparable, thus explaining the identical
RSRBr where precipitation occurs.
Effect of calcium addition
To diluted urine samples (13.3% of original), containing 1.2
mM phosphate and 0.28 m calcium, increasing concentrations
of calcium (2 to 30 mM) were added; samples were then titrated
to pH 7.40 (Fig. 4). At added calcium concentrations of 13.5 mM
or less with RSR,brushite < 4.9, no visible precipitate was
detected and TArn equaled TAO. With 16 m Ca added and
RSRr equaled 4.9, no precipitation was visible, but TAm was
higher than TAO. When the added calcium concentration was
increased further, precipitation became visible and the differ-
ence between TArn and TA grew bigger. The first change in
TArn was probably due to the formation of large soluble calcium
phosphate complexes.
Relative contribution of d/ferent urinaty compounds to TA,,
For 57 urine samples TA,, was determined using the urinary
parameters described in the Methods section. The TA,, was then
recalculated, purposely leaving out a specific compound from
the calculations each time, giving TA,,. From the difference
Deleted
compound
TA,,,
mEqiday Mean
% Error
Range
None 21.75 — —
Phosphate 4.96 77.20 50.49—91.53
Carbon dioxide 17.54 19.36 3.5—48.9
Urate 21.23 2.39 0.43—6.31
Citrate 21.45 1.38 0.09—3.73
Na 21.69 0.28 —1.20—3.78
Creatinine 21.71 0.18 0.06—0.57
SO4 21.73 0.09 —0.22—0.57
Oxalate 21.74 0.05 0—0.46
NH4 21.77 —0.09 —0.4—0.71
K 21.79 —0.18 —4.57—0.98
Mg 21.84 —0.41 —1.81—0.37
Ca 21.84 —0.41 —1.87——0.72
Na,K 21.25 2.30 —13.71—7.63
Urate,cit 20.74 4.64
between TA,, and TA,,_ the contribution of each compound to
the TA,, could be assessed (Table 4).
The major contributors were phosphate and bicarbonate (in
their various species), since their deletion resulted in a much
lower TA,,_ compared to TA,,. Citrate and urate contributed to
a lesser extent, 4.6%, and mainly at low urine pH values.
Creatinine, sulfate, oxalate, calcium, magnesium and ammo-
nium could be deleted as a group without seriously affecting
TA,,. Na and K were the main contributors to the ionic strength
of the urine. Deletion of each separately did not affect TA,,
significantly but deletion of Na and K combined gave an error of
2.3%. The effect of ionic strength on the activity coefficient (as
described in the Debye HUckel equation) and thus on the TA,,
was not linear and became more prominent at very low ionic
strengths. When only those compounds were used which are
routinely measured for titratable acidity (pH, creatinine, am-
monium, phosphate, Na, K and pCO2) the resulting TA,,, 20.92,
closely approximated the calculated TA,, using all compounds.
Based on these observations a nomogram was constructed
I0.
I-
50
40
30
20
-to.
0
000o .'0•
.• XXXXXX
SIX
S
S
0
0
9: X XX XXX XX
5 6 7 8
2.0
1.8
1.6.
E
—
1.4-
1.2 -
1.0
Calcium added, mivi
Fig. 4. Addition of calcium to a urine dilution (13.3%), results in a
deviation of TA,,, (circles) vs. TA, (squares), coinciding with precipita-
tion (closed circles).
Table 4. TA,, after deletion of specific urinary compounds
0 10 20 30 40
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from which titratable acidity was obtained with reasonable
accuracy (Table 5) requiring only measurement of urine pH,
P04 content and pCO2 (Fig. 5). This nomogram was based on
the pK values of the several phosphate ions and of bicarbonate.
The pK values were corrected for ionic-strength effects, pH
dependence of the ionic strength and for complex formation
with calcium and magnesium, using the mean values for ionic
strength, calcium concentration and magnesium concentration
found in our urine samples. The values for titratable acidity
obtained from this nomogram approximated the value calcu-
lated from all urine parameters within 4%, when the urine pH
was higher than 6. For low urine pH values the nomogram
underestimated titratable acidity up to 11%. This because urate
and citrate started to significantly contribute to the titratable
acidity at these low pH values. The accuracy was improved to
3% when the effects of urate and citrate were measured in
addition to using the second nomogram (Fig. 6).
Calculation of net acid excretion
Titratable acidity was measured mainly because of its contri-
bution to the net acid excretion (NAE) as expressed in the
formula:
NAE = TA + NH4 - HCO3
NH4 did not significantly contribute to the TA but it repre-
sented a major contribution to NAE and must be measured for this
purpose. In contrast, leaving out pCO2 significantly decreased
the calculated TA value, but the effect on the calculated net acid
excretion was much less. The contribution to the TA was
Measured Multiply pCO2 Multiply P04
urine pH (mm Hg) with
F.pCO2
(mM) with
F.P04
SCALE
r 0.00500.002 0.0150
0.0250
I 0.0300
o.coi
0.0350
I— 0.0400
0.0420
0.0440
0.0004 0.0460
0.0480
0.0500
0.0002 0.0510
I.— 0.0520
0.0525
0.0001 0.0530
0.0535
0.0540
0.0542
0-
0.80 -
0.180
0.280
0.380 -
0.480
0.580 -
0.630
0.680 -
0.730
0.750
0.770 -
0.790 -
0.805
0.815 -
7.4 -
7.0 -
6.5 -
6.0 -
5.5 -
5.0
4.5 -
Measured
urine pH
7.4
7.0
6.5
6.0
5.5
5.0
L
SCALE
0.030
0.130
- 0.230
.01
- 0.330
- 0.430
- 0.530
- 0.605
0.655
- 0.705
- 0.740
- 0.760
.0'
- 0.780
0.800 —
0.810
H 0.820
— 0.830
- 0.837 —
0.00004
F- 0.0546
I
0.00002 0.0548
0.0550
0.05510
0.0544
0.0547
0.0549
0.05505
0.05515
0.05520
0.00001
0.05530
0.05525
- 0.05535
0.825 -
0.835
Fig. 5. Put a ruler horizontally at the measured
urine pH. Read the multiplication factors
F.pCO2 and F.P04. Titratable acidity (mEq/
liter) equals: (F,pC0, x pCO2) + (F.P04 x
P04). With pCO2 in mm Hg and P04 in m,
TA24hrs (mEq) equals TA x volume.
counteracted by the subtraction of HCO3 in the calculation of
NAE. At urine pH values below 6.6, leaving out pCO2 resulted
in relatively small errors only, ranging from —7.5 to +5%. At
pH values above 6.6 the error increased significantly because of
the steep increase in bicarbonate concentration (Fig. 7).
Discussion
There are several factors which may affect the accuracy of
the calculation of the titratable acidity. They include: accuracy
of formation constants used, omittance of relevant soluble
complexes from the calculations, effect of ionic strength on
ionic activities and omission of relevant urinary compounds.
The calculated and measured TA showed a complete overlap
for a wide concentration range of phosphate and ionic strength
in standard solutions. The results confirmed the reliability of
constants used for phosphate complexes and of the dependence
of ionic activities on ionic strength. Moreover, the calculated
and measured titratable acidity were indistinguishable in urine
samples which showed no precipitate of uric acid before or of
calcium phosphate during titration to pH 7.4. The findings
suggested that the other constants used were also accurate, and
that all relevant compounds and complexes were considered in
the calculation of titratable acidity.
The calculated titratable acidity was superior to the experi-
mentally-derived titratable acidity in the presence of uric acid
or calcium phosphate precipitate. Calcium phosphate precipi-
tation upon titration to pH 7.4 could falsely raise TArn over TA
by up to 18.3%. Even in the absence of visible calcium
phosphate precipitation, sufficient protons could be released
from formation of soluble CaHPO4 complexes in high supersat-
urated urine samples to falsely raise TArn. The disturbing effect
of calcium phosphate precipitation was already noted in the
Measured
urine pH
Multiply UA
(mM) with
F.UA
Multiply
citrate (mM)
with F.CIT
Measured
urine pH
SCALE
P
0.005
0.0125
0.010
0.005
7.4
7.0
6.5
6.0
5.5
5.0
4.5
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SCALE
-0
1
0.01
- 0.05
-0.10
-0.15
0.02
-0.25
H
0.03
-0.40 H
0.04
-0.60 j
-0.85 0.05
.1.10
-1.14
-0
- 0.025
0.050
- 0.075
- 0.100
- 0.125
- 0.150
0.175
- 0.200
0.225
0.250
0.275
0.300
H 0.325
0.350
E 0.3750.400
0.450
- 0.500
H 0.550
H 0.600
H 0.650
0.700
H 0.750
H 0.775
0.800
0.825
H 0.850
0.875
0.887
125
Fig. 6. Put a ruler horizontally at the measured
urine pH. Read the multiplication factors F.UA
and F.CIT. Titratable acidity (mEq/liter) equals:(F.AU x UA) ÷ (F.CIT x CIT). With UA and
CIT in mi, TA24hr equals TA X volume.
7.4
7.0
- 6.5
- 6.0
- 5.5
- 5.0
- 4.5
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6.0
Urine pH
Fig. 7. Carbonate contributes in two ways to the net acid excretion:
positive as one of the buffers constituting the titratable acidity and
negative since the bicarbonate concentration is subtracted in the
calculation of NAE. As a result, the omittance of carbonate from the
calculation of net acid excretion yields small errors up to a urine pH of
6.6. At higher urine pH the error increases significantly.
original studies on titratable acidity by Folin [11]. When urine
samples initially contained uric acid precipitate, the TArn was
falsely high over TA by as much as 8.8%, due to the dissolution
of uric acid as the pH was raised to 7.4.
Conversely, the measured titratable acidity was falsely low
due to the loss of carbon dioxide. This error increased with
sample storage time and reached as much as 23% if the urine
samples were allowed to stand for 48 hours. As was shown
before, this may occur even when samples are stored under
mineral oil [121. Thus the accuracy of TArn mandates analysis
soon after collection in the absence of visible precipitate.
Therefore, calculated titratable acidity is superior to mea-
sured titratable acidity in estimating urinary loss of acid and
buffers, since it is unaffected by precipitation of uric acid or
calcium phosphate. However, the accuracy of TA requires a
reliable analysis of pCO2, since its omission could lead to a
mean underestimated value of 19.4%.
Another critical component for the accuracy of TA is total
phosphate. Its deletion underestimates TA by 77.2%. Ionic
strength, main contributors Na and K, and complex formation,
primarily with Ca and Mg, have minor effects and can be
accounted for by using mean normal values for their urine
concentrations. With a minimal urinary measure of pH, phos-
phate and pCO2, the TA of whole urine may be approximated
to within 3% at urine pH values over 6, and within 11% at a low
urine pH. The approximation at low urine pH can be improved
to within 3% by incorporation of uric acid and citrate. In a
previous publication [13] it was shown that under the specific
conditions of an ammonium chloride load, the urine NH4
contributes to an overestimation of the measured TA of up to
20%. With the nomograms, this problem is not encountered.
As previously discussed, the determination and inclusion of
total carbon dioxide is critical for the accuracy of TAG. Urine
samples must be collected under oil, and pCO2 must be mea-
sured quickly before significant loss of carbon dioxide occurs.
However, this precaution also holds for the actual measurement
Nomogram pCO2,P04 pCO2,P04, UA pCO2,P04,UA,cit.
% Error —3.5 —0.7 +0.3
SD 2.9 1.3 1.0
Range —ll.2to+1.0 —4.2to+2.3 —l.5to+3.4
of titratable acidity. Moreover, the contribution of total carbon
dioxide to the net acid excretion is much less. The NAE is the
sum of titratable acidity and ammonium, minus bicarbonate.
Thus, the carbonate system contributes positively by raising TA
and negatively by adding bicarbonate. In urine samples of pH 6.6
or less these counteracting contributions largely cancel each other
out, and the resulting error in NAE is less than 5% (Fig. 7).
However, in urine samples with a pH exceeding 6.6, the omission
of total carbon dioxide underestimates NAE substantially.
In conclusion, calculation of titratable acidity can be easily
performed, using routinely measured urine measures. For
urines containing uric acid crystals (high uric acid content, low
pH, low volume) and urines prone to calcium-phosphate pre-
cipitation during the titration procedure (high calcium, high
phosphate, low volume), the calculated value is even more
accurate than the measured value. The calculation, as part of
the NAE determination, can also be performed when the pCO2
is not known for urines with a pH value below 6.6.
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Table 5. Error in TA read from nomogram versus the TA100
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